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Abstract 
The present study investigated executive neuropsychological functioning in individuals 
with the neuro-developmental disorder Williams syndrome (WS) using a set of validated 
standardized neuropsychological tasks. Relatively few studies have examined frontal lobe 
related executive functions within the cognitive phenotype associated with the disorder. 
The present study compared participants with WS to typically developing participants 
who were individually matched for (1) chronological age and (2) verbal mental age 
(N=19 each group) on tasks of attention-set shifting, planning and working memory from 
the Cambridge Neuropsychological Test Automated Battery (CANTAB). To address the 
specificity of executive function impairment, non-executive tasks of delayed short-term 
memory and short-term memory span were also administered. Individuals with WS 
(mean age 18 years) showed impaired executive functioning on tasks of attention set-
shifting, working memory, and planning. Non-executive deficits were also observed in 
short-term delayed memory and memory span. Neuropsychological impairments were 
correlated with a range of behavioural problems assessed using parent-rated 
Questionnaires. Overall, these findings point to the role of a range of executive function 
impairments in WS but further suggest that cognitive impairments extend beyond 
executive dysfunction.               
    
 
 
 
 
Keywords: Williams syndrome, executive function, working memory, delayed short-
term-memory, Cambridge Neuropsychological Test Automated Battery (CANTAB). 
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 Executive neuropsychological functioning in individuals with Williams syndrome 
 
Williams syndrome (WS) is a relatively rare neuro-developmental disorder with 
confirmed genetic origin (Ewart et al., 1993). The predicted prevalence of the disorder is 
generally accepted to be 1 in 20,000 births (Morris & Mervis, 1999) although there have 
been suggestions of prevalence as high as 1 in 7,500 (Strømme, Bjørnstad, & Ramstad, 
2002). The discovery of the genetic nature of WS links its occurrence with a random 
deletion of approximately 25 genes on chromosome 7, specifically 7q11.23 (Ewart et al., 
1993). The disorder has attracted a great deal of research attention due to unique aspects 
of its associated behavioural, social and cognitive phenotypes. The earliest research 
investigating the disorder was largely dedicated to unearthing the distinct cognitive 
profile, with claims of ‘peaks and valleys’ of performance (e.g. Bellugi et al., 1994). 
However, more recent research has focused on elucidating the behavioural and social 
phenotypes that typically accompany the disorder, the interplay between these 
characteristics, and the importance of the underlying neural mechansisms that play a role 
in the WS phenotypes.  
 
Cognitively, individuals with WS exhibit a distinct profile of relatively proficient skills 
within the verbal domain and more severe impairment associated with visuo-spatial 
processing (e.g. Hoffman et al., 2003; Jarrold et al., 1999; Mervis et al., 1999; Vicari et 
al., 2003; Wang & Bellugi, 1994), although this distinct profile of relative preservation 
and impairment in cognitive skills in WS has been challenged by Porter & Coltheart 
(2005, 2006). Importantly, performance within both these domains falls short of that 
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expected by chronological age. Sensitive assessments have emphasised that processing 
within the verbal domain is far from ‘intact’ or ‘typical’ (e.g. irregular inflection errors 
Clahsen & Almazan, 1998; past tense formation deficits Thomas et al., 2001). However 
verbal performance remains more proficient than that observed within the non-verbal 
domain especially for visuo-spatial tasks. Although individuals with WS appear relatively 
competent at holding visual information such as objects in memory (Vicari et al., 
2003),linking visual and spatial information such as the location of that object within an 
array is far more problematic (Jarrold et al., 1999; Vicari et al., 2006). Performance may 
not only be affected by the type of information to be remembered such as whether it is 
visual or spatial however, as recent research indicates that the length of delay between 
remembering and recalling information and the exact stimuli details are critical to 
performance (O’Hearn et al., 2009). During longer delay periods (5 seconds) individuals 
with WS have been found to be impaired irrespective of whether the task assesses 
memory for object identity or location, and whether the stimuli are houses or faces 
(O’Hearn et al., 2009). The studies outlined here emphasise a range of atypicalities in the 
short term memory skills of individuals with WS. When information must be held and 
manipulated in memory further deficits are likely. Research investigating central 
executive aspects of working memory is however much more limited.   
 
Relatively few studies have examined ‘executive functions’ in general in individuals with 
WS. ‘Executive function’ is a broad term encompassing a variety of higher order 
strategic/organizational cognitive functions including inhibition, working memory, 
attentional flexibility and planning (Hughes & Graham, 2002; Rhodes et al., 2005). These 
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abilities aid the successful completion of new and difficult situations (Hughes & Graham, 
2002). Executive functioning is associated with the frontal lobe, particularly pre-frontal 
cortex; individuals with frontal lobe damage who are characteristically socially 
disinhibited exhibit impairment in executive function abilities (Owen et al., 1990; 1995). 
There is some evidence to suggest that individuals with WS are impaired in executive 
functions. The limited research available for individuals with WS has principally focused 
on the role of inhibition, a key executive component (Atkinson, 2000; 2003; Mobbs et al., 
2006; Porter et al., 2007). Linking the cognitive and social phenotypes associated with 
WS, research has recently suggested that the hyper-social behaviours typically found in 
WS may relate to deficits inhibiting socially salient information (Porter et al., 2007). For 
example, a propensity towards assessing strangers with increased approachability (Jones 
et al., 2000; Frigerio et al., 2006) has been linked to this notion of inhibitory deficits for 
social responses (Porter et al., 2007). Neuroimaging analyses of fMRI data produced 
while individuals with WS completed a GoNoGo inhibition task has also shown reduced 
activity in brain areas known to be critically involved in behavioural inhibition namely 
the striatum, dorsolateral prefrontal and dorsal anterior cingulate cortices (Mobbs et al., 
2006). There is therefore growing behavioural as well as neuroimaging evidence for 
impaired response inhibition in WS that may not only impact upon cognitive skills but 
may also extend to social behaviours.   
 
Research exploring inhibition difficulties in other disordered populations has increasingly 
focused on the role of other executive functions with a profile of skills and deficits (e.g. 
Attention Deficit Hyperactivity Disorder, ADHD; Tourettes Disorder; Obsessive 
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Compulsive Disorder, OCD). Reports that individuals with WS are four times more likely 
to meet criteria for ADHD than typically developing children (Finegan et al., 1994), a 
disorder known to be characterized by a range of executive function impairments, clearly 
suggests this area warrants further investigation.  Research exploring executive functions 
in populations such as ADHD, OCD and Tourettes Disorder are marked by much more 
extensive literatures in line with the increased prevalence of the disorders. Interestingly, 
in these populations research has moved beyond focusing on response inhibition to 
examine other aspects of executive function as a potential explanation for the observed 
range of impairments. For example, theories of cognitive impairment in ADHD have 
historically focused on observed impulsiveness, with one popular theory postulating a 
primary deficit in inhibitory control leading to secondary deficits in other aspects of 
executive function (Barkley, 1997; 1998). This focus developed from the observation that 
children with ADHD show a range of difficulties in social inhibition: some examples of 
which include ‘disturbs other children’, has ‘difficulty waiting his or/her turn’, and 
‘interrupts or intrudes on others’ [ratings included on the Conners (1997, 1998) ADHD 
Rating scale (CTRS-28)]. However, an extensive body of research over the last decade 
has provided no clear empirical evidence to support the primacy of inhibition deficits in 
ADHD. A wide range of executive function deficits, including inhibition (Barkley, 1997), 
working memory (Rhodes et al., 2004; 2005; Kempton et al., 1999) attentional set 
shifting and planning (Kempton et al., 1999; Rhodes et al., 2005; Willcutt et al., 2008) 
have now been described. It would appear plausible therefore that some of the cognitive, 
behavioural and social characteristics that are related to WS are likely to be similarly 
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accounted for by a range of executive function deficits, rather than being the result of 
isolated deficits of inhibition. 
 
Although limited investigations have been conducted there is some evidence that 
individuals with WS show impairment in aspects of executive function beyond inhibition. 
Two studies report poor planning behaviour on a behavioural letterbox task (Arnold et 
al., 1985; Bellugi et al., 1990). It has also been reported that individuals with WS show 
impaired attentional set-shifting on a Point/Counter-Pointing Task (Atkinson, 2000). A 
recent study examined executive aspects of working memory (Kittler et al., 2008) and 
reported no difference in performance between a WS sample and a mixed aetiology 
group with developmental delay. The findings of the study may however have been 
limited in relation to sample size. Furthermore, an alternative explanation for Kittler et 
al.'s findings is that the executive aspects of working memory were tested within a 
specific task domain, and visuospatial dual tasks may have revealed important differences 
in WS when compared to the mixed etiology groups. Indeed, Atkinson et al. (2003) 
observed that children showed weaknesses in the executive component of inhibition 
within the visuospatial domain. Further assessment of executive aspects of working 
memory in a larger sample is clearly warranted. Overall, research investigating aspects of 
executive function in WS is limited.  
 
The present study set out to investigate a range of executive functioning skills in 
individuals with WS using standardized and validated neuropsychological tasks with 
known neural correlates taken from the Cambridge Neuropsychological Test Automated 
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Battery (CANTAB). These computerized tasks, performed using a touch-screen, have 
been extensively used with child and patient populations in assessment of executive 
function (e.g. Coghill et al., 2007; Curtis et al., 2002; Luciana & Nelson, 1998; Matthews 
et al., 2008; Rhodes et al., 2004; 2005; 2006; Robbins et al. 1994) and have been shown 
to be differentially sensitive to dysfunction in several brain regions; including frontal, 
temporal and amygdalo-hippocampal regions (Owen et al., 1995). They are chosen on the 
basis of their well established neural correlates and suitability for use with children and 
individuals with neuro-developmental disorders. The current study will specifically 
assess individuals with WS on tasks of planning, working memory and attention set-
shifting, known to be sensitive to frontal lobe functioning (Owen et al., 1995) from this 
battery.      
  
The primary aim of the current research was to consolidate and further expand 
knowledge of executive functioning in individuals with WS. This avenue of exploration 
may not only inform us of components of the WS cognitive profile but may provide 
further insights into behaviours associated with the disorder. The research will explore a 
range of aspects of executive functioning using standardized, validated tasks with known 
neural correlates that have not previously been applied to this population. A secondary 
aim was to examine the specificity of an executive impairment in explaining the 
cognitive deficits observed in WS through inclusion of additional non-executive short-
term memory tasks. One of these tasks was chosen on the basis of enabling further 
exploration of the nature of memory retrieval over a delay period (e.g. O’Hearn et al., 
2009). The delayed matching to sample task was chosen, which incorporates a 12 second 
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delay condition, to investigate the effect of a longer period of memory retention than 
previously examined.   A further aim was to explore the relationship between executive 
functions and a range of problem behaviours including oppositional behaviour, 
hyperactivity, emotional symptoms and peer relationships.   
 
Method 
Participants 
Nineteen participants with WS were recruited via the William syndrome Foundation. All 
participants have previously been diagnosed phenotypically by clinicians and 17 had 
previously had their diagnosis confirmed with FISH testing. All participants were 
familiar with the research process. Participants with WS ranged between 11 years and 6 
months of age to 29 years and 6 months of age (see Table 1 for mean and demographics). 
Participants in the WS group were individually matched with one typically developing 
individual on the basis of chronological age and gender (CM group) and one typically 
developing individual on the basis of verbal ability and gender (VM group) [See Table 
1].   
 
Verbal ability was assessed using the British Picture Vocabulary Scale (BPVS) II (Dunn 
et al., 1997). This vocabulary scale was chosen over traditional IQ tests to avoid 
confounds created by the inclusion of executive function skills that are included in most 
IQ / mental ability tests. For example, the Raven’s Coloured Progressive Matrices 
(RCPM) frequently used to match WS samples with mental age matches (e.g. Riby & 
Hancock, 2008) requires participants to mentally manipulate stimuli and is widely 
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regarded in the literature as an assessment of executive function (e.g. Kazui et al., 2006; 
Nagano-Saito et al., 2005). The BPVS has indeed been used extensively to match 
clinical/patient populations, including comparison of individuals with WS to typically 
developing populations (e.g. Mottron, 2004; Glenn & Cunningham 2005; Jarrold et al., 
1998; Rhodes et al., 2005). The raw score for each participant was used as matching 
criteria to allow matches on the basis of verbal ability, rather than taking into 
consideration age appropriate levels through the use of standardized scores. 
 
All typically developing children were screened with the Teacher rated Strengths and 
Difficulties Questionnaire (SDQ; Goodman, 2001) to ensure that they were not suffering 
from any mental or behavioural disorder that could affect cognitive performance e.g. the 
common developmental disorder ADHD (Rhodes et al., 2005). A total of 38 children 
were rated as symptom free (T-score<60) and were included in the study.  An ANOVA 
conducted on participant age revealed a significant main effect [F(2,56) = 22.87, p<.001]; 
the typically developing verbal ability matched group (VM) were significantly younger 
than both the WS and CM groups (both p<.001). There was no significant difference 
between the WS and chronological age-matched (CM) (p>.05) group.  An ANOVA 
conducted on BPVS raw scores revealed a significant main effect [F(2,56) = 25.82, 
p<.001];  the typically developing CM group had significantly higher BPVS raw scores 
than both the WS and VM groups (both p<.001). There was no significant difference 
between the WS and VM group (p>.05). 
 
[Table 1 about here] 
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Measures 
Participants performed a range of executive function and non-executive 
neuropsychological control tasks taken from the Cambridge Neuropsychological Test 
Automated Battery [CANTAB (www.camcog.com); Morris et al., 1987]: The executive 
Intra-Dimensional/ Extra-Dimensional (ID/ED) attention set-shifting, Spatial Working 
Memory, and Stockings of Cambridge planning tasks and the non-executive Delayed 
Matching to Sample and Spatial Span tasks. These tasks have been extensively used with 
children and patient populations in assessment of executive functions (Rhodes et al., 
2004; 2005; 2006).  
 
Executive Function Tasks 
Three frontal-lobe related executive function tasks (Owen et al., 1990; 1995) were 
included. The executive ID/ED task assesses attention set-shifting, involving the ability 
to shift flexibly from focusing attention on one aspect of stimulus to another. 
Specifically, the task measures a participant’s ability to focus attention on specific 
attributes of compound stimuli (intra-dimensional stages) and to shift attention when 
required to a previously irrelevant stimulus dimension (extra-dimensional stages). The 
key measure on this task is the Stage Reached Score; reaching the final stages indicates 
the ability to engage in executive set-shifting (reaching stage 8) and reversal (reaching 
stage 9).   
 
The Spatial Working Memory (SWM) task is a self-ordered searching task (Petrides & 
Milner, 1982) that assesses working memory for spatial stimuli and requires the 
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participant to use mnemonic information to work towards a goal. Subjects are required to 
‘search through’ a spatial array of coloured boxes presented on the screen to collect ‘blue 
tokens’ hidden inside the boxes. Returning to a box where a token has already been found 
constitutes a ‘Between Search Error’ (BSE). A Strategy Score is calculated based on how 
often a searching sequence was initiated from the same box during a trial, and therefore a 
low strategy score indicates a more extensive use of strategy (Fray & Robbins, 1996).   
 
The Stockings of Cambridge (SOC) task measures planning ability and makes substantial 
demands on executive function. This task was derived from the ‘Tower of Hanoi’ task 
(Shallice, 1982). Participants must move balls to match a ‘goal’ arrangement. Problems 
can be solved in a certain ‘Minimum Number of Moves’ (two, three, four or five moves). 
Initial and Subsequent ‘Thinking’ Times during trials are recorded to provide estimates of 
cognitive speed during the preparatory and execution phases of task performance. For 
each trial, a yoked control condition is also executed to enable estimates of ‘movement 
times’ in order to provide an estimate of cognitive deliberation/planning times in the test 
conditions. The key measure on this task is the Number of Problems Solved in the 
Minimum Number of Moves.  
 
Non-Executive Function Tasks 
 
The Delayed Matching to Sample (DMtS) is a non-executive task that assesses the ability 
to remember the visual features of a complex abstract target stimulus and to select from a 
choice of four patterns when simultaneously presented and after a variable delay. In the 
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‘simultaneous condition’, the subject is required to choose one of four patterns that 
correspond exactly (in both colour and form) to the target pattern. During the delayed 
portion of the task the target pattern disappears from the screen after the initial 
presentation period for a period of 0 seconds, 4 seconds, or 12 seconds, and following 
this delay the participant must then choose from one of four choice patterns. The key 
measure on this task is the percentage of correct responses at the Simultaneous and Delay 
conditions. The task provides an index of both simultaneous matching and delayed short-
term memory functioning. Patients with frontal and temporal lobe damage show 
impairment on this task although differ in the nature of impairment shown. Patients with 
temporal lobe damage show a specific delay-dependent impairment on this task (Owen et 
al., 1995).  
 
The Spatial Span (Span) task is a non-executive test of spatial short-term memory 
capacity based on the Corsi block-tapping task (Milner, 1991) which assesses a 
participant’s ability to remember the spatial locations of a sequence of squares on a 
computer screen. The key measure on this task is the Spatial Span Score. A participants’ 
Spatial Span is defined as the longest sequence that they could reproduce correctly within 
three attempts.  
 
Behavioural Questionnaires 
Parents of participating WS children (N=12) were asked to complete the Conners (1998) 
Parent Rating Scale and the Strengths and Difficulties Questionnaire (SDQ: Goodman, 
2001), in order to record the behavioural profile of children with WS. These data were 
 13
selectively collected in the sample of children with WS in the study (N=12) due to 
difficulties using these measures with older adult participants.  The Conners (CPRS-48) 
is a 27 item parent rated questionnaire which provides measures of ‘oppositional 
behaviours’, ‘hyperactivity’, cognitive problems/inattention, and an ADHD index. The 
SDQ is a parent rated 25 item questionnaire which provides measures of ‘emotional 
symptoms’, ‘conduct problems’, ‘hyperactivity’, ‘peer problems’, and prosocial 
behaviour. A ‘total difficulties’ score can be calculated from the addition of each score 
with the exception of prosocial behaviour. A further 5 questions concerning the impact 
the child’s behaviour has on the child and families life provides an impact score.  
 
Procedure 
Participants with WS performed the tasks across either 1 session with multiple breaks or 
2 sessions a few days apart depending on the needs of the individual. Typically 
developing participants similarly performed the tasks across 1 or 2 sessions depending on 
school constraints. The CANTAB tasks were presented on a high-resolution colour 
monitor utilizing a touch sensitive screen. Participants performed the tasks according to 1 
of 2 counterbalancing orders (see Appendix 1). Informed consent was received for all 
participants prior to their inclusion and the study was again fully explained to all 
individuals  once they had participated. 
 
Statistical Analysis 
All analyses were conducted using SPSS for Windows. The data were analyzed with the 
factor of Group and where appropriate interactions with Difficulty Level (DMtS delay 
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conditions, SWM Between Search Errors at each stage). For all measures, only 
significant effects involving the factor of Group membership (main effect or interaction 
with group) are reported (p<.05). One participant with WS did not complete the SWM 
task, and a second participant with WS did not undertake the 5 move level problems of 
the SOC task and degrees of freedom therefore reflect these omissions.  Analyses on the 
Delayed Matching to Sample task were conducted separately on simultaneous and delay 
conditions in line with other studies (e.g. Rhodes et al., 2004; 2005; 2006). Data from 
repeated measures ANOVAs met assumptions of sphericity and therefore degrees of 
freedom and F values are reported without the Greenhouse Geisser correction. Following 
ANOVA, the Least Significant Difference post-hoc analysis was used, with α=0.05 
unless otherwise indicated. Bi-variate Pearson correlations were conducted between all 
key neuropsychological measures reported in Table 3 with the addition of Between 
Search Errors on the SWM task at each stage and % correct on the Delayed Matching to 
Sample task at each stage.  In view of the multiple comparisons, α was adjusted to 0.008 
in line with similar studies (Rhodes et al., 2005). For all correlations only significant 
relationships are reported. Significant correlations between different levels of the same 
task measure e.g. correlation between 4 and 6 box Between Search Errors on the SWM 
task, are not reported. Bi-variate Pearson correlations were also conducted between 
neuropsychological and behavioural measures. Correlations were conducted between all 
neuropsychological measures and the four T-Score measures of the Conners Parent 
Rating scale (1997), namely Oppositional Behaviour, Cognitive Problems/Inattention, 
Hyperactivity, and Conners’ ADHD Index. Correlations were also conducted between 
neuropsychological measures and the five scales of the Parent rated SDQ (Goodman, 
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2001) namely Emotional Symptoms, Conduct Problems, Hyperactivity, Peer Problems, 
and Prosocial Scale, the Total Difficulties Score, and the Impact score. As the sample 
size here is more limited (11/12 parents returned questionnaires), α was set at 0.05 in line 
with similar studies with WS samples which have incorporated measures from the 
Conners and SDQ scales (Campbell et al., 2009).   
 
Results 
Behavioural Profile of children with WS 
Eleven parents (out of 12) completed the Conners and SDQ questionnaires. On the 
Conners, all children scored within the abnormal range on the Cognitive 
Problems/Inattention, Hyperactivity, and ADHD index (all T>60). Six children scored 
within the abnormal range on the Oppositional Behaviour index. Specific scores for 
measures on the SDQ are shown in Table 2 highlighting that many children with WS 
scored within the abnormal or borderline ranges on these measures.     
The results section will next consider the executive function tasks, followed by the non-
executive tasks and will report the pattern of results for the WS group in comparison to 
the two groups of typically developing participants. 
 
Executive Function Tasks  
 
i) Attention set-shifting 
Impairment on the attention set-shifting ID/ED task (see Figure 1) was evident by a lower 
‘Stage Reached’ score [F(2,55) = 14.52, p<.001] within the WS group than both typically 
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developing groups (CM: p<.001; VM: p<.002). The typically developing participant 
groups also differed from one another reflecting superior performance in the CM group 
(p<.03) and therefore increased performance with age, see Table 3. Participants with WS 
also made more errors at the critical executive ED stage of the task than both typically 
developing groups (CM: p<.001; VM: p<.04).   
 
Figure 1 about here 
 
ii) Spatial Working Memory 
Participants with WS were impaired on the Spatial Working Memory task, making more 
‘Between Search Errors’ [F(2, 106) = 319.37, p<.001] than both typically developing 
groups (both p<.001). The typically developing participants also differed with superior 
performance shown by the CM group (p<.001). There was a significant interaction 
between the task Difficulty Level and Group [F(4, 106) = 13.79, p<.001]. Post-hoc 
ANOVAs conducted at each stage (4, 6, 8 boxes) revealed significant differences 
between the participants with WS and typically developing groups at all Difficulty Levels 
[4: F(2,55) = 16.17; 6: F(2,55) = 32.76; 8: F(2,55) = 26.94]. At each level participants 
with WS made more Between Search Errors than both typically developing groups (all 
p<.001 each stage). The typically developing groups differed from each other at the 6 
(p<.009) and 8 (p<.003) box stages with superior performance shown by the CM group.  
 
Surprisingly, participants with WS were not impaired in comparison to VM typically 
developing participants in Strategy Use on the Spatial Working Memory task. A 
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significant main effect of Group was observed in Strategy Use [F(2, 55) = 9.55, p <.001] 
but reflected a higher use of strategy (as indicated by lower Strategy Score) in the CM 
group in comparison to the participants with WS (p<.001) and the VM participants 
(p<.008) who did not differ (p>.05) [see Table 3].        
 
iii) Stockings of Cambridge (SOC) 
Participants with WS were impaired on the Stockings of Cambridge planning task (see 
Figure 1). A significant Group effect was observed in the key measure of Number of 
Problems Solved in the Minimum Number of Move Solutions [F(2, 56) = 18.27, p<.001]. 
This reflected fewer problems solved by participants with WS in comparison to the CM 
(p<.001) and VM (p<.004) typically developing participants and a significant difference 
between the CM and VM groups reflecting superior performance by the CM group 
(p<.004).  
 
A repeated measures ANOVA revealed group differences in the average moves made 
across levels of Difficulty with a main effect of Group [F(2,52) = 11.52, p<.001]. 
Participants with WS made more moves across the levels than both the CM (p<.001) and 
VM (p<.03) groups and the VM group also made more moves than the CM group 
(p<.01). A significant interaction was also observed between average moves at each level 
and Group [F(3, 156) = 2.4, p<.03]. Post-hoc follow up ANOVAs were conducted at each 
level (3, 4, 5, 6 move problems) and revealed no group differences at the 2 move stage 
[F(2,55) = 1.61, p>.05]. A significant group difference at the 3 move stage [F(2,55) = 
8.86, p<.001] reflected more moves taken by the participants with WS than both the CM 
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(p<.001) and VM (p<.008) groups. A significant group difference at the 4 move stage 
[F(2,55) = 4.96, p<.01) reflected a significant difference between the participants with 
WS (more moves taken) and the CM group alone (p<.003).  A significant group 
difference at the 5 move stage [F(2,56) = 6.02, p<.004) reflected a significant difference 
between the participants with WS and the CM group (p<.002), and a difference between 
the typically developing groups (p<.01) with the CM group also taking less moves than 
the VM group.  
 
A repeated measures ANOVA conducted on Initial Thinking Times revealed a significant 
main effect of Group [F(2, 53) = 5.5, p<.007]. Across the 2, 3, 4, 5 move levels 
participants with WS did not differ significantly from the CM group (p>.05). The 
significant main effect of group reflected quicker Initial Thinking Times by the VM 
group in comparison to both the WS (p<.003) and the CM (p<.02) groups. The ANOVA 
also revealed a significant interaction between group and difficulty level [F(6,159) = 
5.19, p<.001].  
 
Follow-up ANOVAs at each difficulty level revealed significant differences at all 4 levels 
[2: F(2,56) = 8.16, p<.001; 3: F(2,56) = 6.2, p<.004; 4: F(2,56) = 5.1, p<.009; 5: F(2,55) 
= 3.79, p<.03]. These effects reflected a different pattern of group performance at easier 
(2,3) and harder (4,5) move levels. At the easier levels the significant difference reflected 
longer Initial Thinking Times on behalf of the WS participants in comparison to both the 
VM and CM groups (all p<.005) with no differences between the VM and CM groups 
(all p> .05). In contrast at both the 4 and 5 move levels participants with WS did not 
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differ from either the VM or CM groups (all p>.05). At these stages the significant 
differences reflected longer Initial Thinking Times for the CM group in comparison to 
the VM group (all p<.008).               
 
A repeated measures ANOVA conducted on Subsequent Thinking Times revealed a 
significant effect of group across the 4 difficulty levels [F(2,53) = 18.72, p<.001]. Post-
hoc analyses revealed this reflected longer Subsequent Thinking Times for the WS 
participants in comparison to the VM (p<.001) and CM (p<.001) groups who did not 
differ from each other. The repeated measures ANOVA also revealed a significant 
interaction between group and difficulty level [F(6,159) = 3.3, p<.004]. Follow-up 
ANOVAs conducted at separate difficulty levels revealed significant differences at each 
of the 4 difficulty levels [2: F(2,56) = 7.23, p<.002; 3: F(2,56) = 10.21, p<.001; 4: 
F(2,56) = 7.81, p<.001; 5: F(2,55) = 9.25, p<.001].  Similar to data for Initial Thinking 
Times these effects reflected a different pattern of group performance at easier (2,3) and 
harder (4,5) move levels for Subsequent Thinking Times. At the 2 and 3 move levels 
participants with WS showed longer Subsequent Thinking Times in comparison to both 
the VM and CM groups (all p<.003) with no differences between the VM and CM groups 
(all p> .05).  At the 4 and 5 move problems all groups differed significantly from one 
another with the CM group showing the shortest and the WS group showing the longest 
Subsequent Thinking Times (all p<.05).   
         
Non-Executive Tasks 
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i) Delayed Matching to Sample (DMtS) 
Participants with WS were impaired in accuracy of responding at the simultaneous 
condition of the DMtS task [F(2, 54) = 3.25, p=.047] in comparison to both the CM 
(p<.03) and VM (p<.04) typically developing participants (see Figure 2). A repeated 
measures ANOVA conducted on accuracy on the delay conditions of the DMtS task 
revealed a significant difference between the groups [F(2,106) = 7.25, p<.001]; 
participants with WS were impaired in comparison to both typically developing groups 
(both p<.001) who also differed from each other with superior performance shown by the 
CM group (p<.04). No significant delay level by group interaction was observed 
[F(4,106) = 1.28, p>.05].  
 
ii) Spatial Span Task 
Participants with WS were also impaired in Spatial Span Score on the non-executive 
Spatial Span task [F(2, 56) = 64.65, p<.001] in comparison to both typically developing 
groups (both p<.001) who also differed from one another with superior performance 
shown by the CM group (p<.005). [See Table 3].        
 
Figure 2 about here 
[Table 3 about here] 
Correlations between neuropsychological measures  
Correlation analyses revealed a number of significant inter-relationships between 
measures within and across tasks but only in the typically developing groups.  
Inter-relationships between measures within tasks 
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While individuals with WS and the VM group showed no significant correlation between 
errors on the Spatial Working Memory task and Strategy Use on the same task the CM 
group showed a significant positive relationship between the 6 box stage Between Search 
Errors measure and Strategy Score (p<.003); a greater use of strategy was related to 
making fewer errors on this executive working memory task (see Table 4).   
 
Inter-relationships between measures across tasks 
The VM group showed a significant positive correlation between the Number of 
Problems Solved in the Minimum Number of Moves on the SOC task and % of correct 
responding on the simultaneous condition of the DMtS task (p<.006), suggesting a link 
between planning and simultaneous matching in this group. The VM group also showed 
significant negative correlations between BSE at the 6 box stage of the SWM task and % 
correct at the 0 delay condition of the DMtS task (p<.003), revealing that reduced errors 
on an executive task is linked positively with accuracy on a non-executive delayed short-
term memory task in this group (see Table 4). 
 
Correlations between neuropsychological and behavioural measures 
Significant correlations were observed between performance of the executive ID/ED 
attention flexibility task and a range of behavioural measures from the SDQ. Emotional 
score (p<.02), Conduct Problems (p<.02), and Impact Score (p<.02) were positively 
related to the number of errors at the executive stage of the ID/ED attention flexibility 
task (the ED shift), indicating that poorer executive attention flexibility related to a range 
of problem behaviours. Prosocial behaviour was negatively related to the number of 
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errors made at the ED shift on the ID/ED task (p<.03), indicating that poorer executive 
attention flexibility related to lower levels of prosocial behaviour. Significant correlations 
were observed between total number of Between Search Errors made on the executive 
SWM task and the Total difficulties score from the SDQ (p<.03), revealing that poor 
executive WM is related to the general difficulties the child is experiencing.  
 
Significant correlations were observed between performance of the SOC planning task 
and behavioural measures from both the Conners and SDQ, revealing that poor planning 
is related to Inattention, Emotional Symptoms, Conduct Problems, and the impact the 
child’s problem behaviours has on their life. Specifically, on the Conners, the Cognitive 
Problems/Inattention index was positively related to Initial Thinking Times at 2 (p<.01), 
4 (p<. 03), 5 (p<.001) move problems on the SOC task, indicating that spending more 
time planning moves related to greater inattention symptoms. On the SDQ, Emotional 
score was positively related to the number of moves made for 5 move problems on the 
SOC task (p<.04), indicating that planning difficulties related to emotional problems. 
Conduct problems were negatively related to subsequent thinking for 2 move problems 
on the SOC task (p<.04), indicating that spending more time planning moves after 
initiating the problem related to conduct problems. Impact score was negatively related to 
the number of problems solved in the minimum number of moves (p<. 04) and positively 
related to the number of moves made for 5 move problems on the SOC task (p<.003), 
indicating that poor planning related to the impact the child's problem behaviours has on 
their life. 
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Significant correlations were observed between performance of the DMtS delayed STM 
task and behavioural measures from both the Conners and SDQ, revealing that poor STM 
is related to oppositional and prosocial behaviour. On the Conners, Oppositional 
behaviour and the ADHD index were negatively related to accuracy of responding (% of 
correct responses) during the 0 second delay condition of the DMtS task (both p<.04), 
indicating that poorer accuracy on a STM delayed task is related to Oppositional 
behaviour and ADHD behaviours. On the SDQ, Prosocial behaviour was positively 
related to accuracy of responding during the 12 second delay condition of the DMtS task 
(p<.04), indicating that poor STM was related to lower levels of prosocial behaviour. 
 
Discussion 
 
This study revealed a range of executive neuropsychological impairments associated with 
a diagnosis of WS. Individuals with WS showed impairments on frontal-lobe related 
executive tasks of attention set-shifting, working memory and planning suggesting that 
executive function impairments associated with WS extend beyond recent reports of 
impaired inhibition (e.g. Porter et al., 2007). Impairment was also evident on non-
executive delayed short-term memory and span tasks supporting previous reports of non-
executive memory difficulties in this population. We further show relationships between 
discrete aspects of executive functioning and delayed STM and a range of aspects of 
problem behaviours in children with WS. These data suggest that some of the cognitive 
and behavioural characteristics that are often related to WS may be attributable to 
executive function deficits in planning, working memory, and attention set-shifting. The 
findings add to reports of inhibition deficits suggesting that a broader set of executive 
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neuropsychological impairments may contribute to the difficulties seen in individuals 
with WS.  
 
We provide support for a limited but growing body of research reporting executive 
function impairments in WS. Although much of the previously published work has 
examined inhibition (Atkinson, 2000; 2003; Porter et al., 2007; Mobbs et al., 2006) there 
have been previous reports of impaired planning (Arnold et al., 1985; Bellugi et al., 1990) 
and attentional set-shifting (Atkinson, 2000). The present findings support this literature 
using standardized, well validated tasks with known neural correlates that have not 
previously been used with this population. Later in this section we will emphasise the 
importance of insights into the known neural correlates tapped by the tasks.  
 
Behavioural task performance 
First we consider insights from performance on the specific tasks. Individuals with WS 
reached a lower stage on the ID/ED attention set-shifting stage, showing they had 
difficulties in making the ‘executive’ shift and/or subsequent reversal. Interestingly, the 
number of errors made at the ED shift stage was positively related to Emotional 
Symptoms, Conduct Problems, and Impact Score and negatively related to Prosocial 
Behaviour on the Strengths and Difficulties Questionnaire indicating a relationship 
between poor attentional flexibility and a range of problem behaviours in children with 
WS.  
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While individuals with WS showed increased errors on the Spatial Working Memory task 
in comparison to typically developing participants, they showed more preserved 
performance of strategy use on this task (intact performance in comparison to the verbal 
mental age match (VM) group). The Strategy Score is calculated from the number of 
different boxes where a participant initiates a search. Strategically starting at the same 
box (unless you had previously found a blue token in it) and searching systematically on 
each trial (for example from top left to bottom right) will earn the participant a lower 
strategy score which indicates a higher use of strategy. This finding suggests that 
individuals with WS can adopt a spatial search strategy to aid performance although they 
continue to show reduced accuracy. The chronological matched (CM) group alone 
showed a positive correlation between Strategy Score and errors on this task with higher 
strategy use relating to reduced errors. The lack of correlation between strategy use and 
errors on this task in both the WS and VM groups confirms the ineffectiveness and 
possible immaturity of adopting this strategy on the performance of both of these groups. 
In terms of accuracy of performance on the SWM task, the behaviour of individuals with 
WS was characterized by impairment with an increased number of returns to boxes where 
they previously had found blue tokens. Interestingly, a recent study has reported 
inefficient search profiles in WS individuals, who similarly made significantly more 
erroneous returns to previously searched locations in a large-scale environment (Smith et 
al., 2009). The current findings on a task known to be sensitive to frontal-lobe related 
functioning (Owen et al., 1990; 1995) suggests that such erroneous returns may be 
associated with altered frontal-lobe functioning.  
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Interestingly, the VM group alone showed a relationship between executive WM and 
delayed short-term memory functioning. This may reflect a contribution of poor STM to 
difficulties in executive WM in this group of younger children. The absence of this 
relationship in WS further suggests the role of both executive and non-executive 
impairments in WS. Children with WS showed significant relationships between both 
executive WM and non-executive delayed STM and behavioural measures from the SDQ. 
Executive spatial WM accuracy (total BSE) was positively related to the General 
Difficulties Score on the SDQ suggesting that executive WM impairment in WS relates 
to the General Difficulties (composite of conduct, emotional, hyperactive, and peer 
relationship problems) experienced by children with WS. Delayed STM accuracy was 
related to Oppositional and Prosocial Behaviours showing a relationship between the 
cognitive ability of holding information in memory over time and engaging in problem 
behaviours.       
 
Individuals with WS showed impaired planning on the Stockings of Cambridge task as 
indicated by the Number of Problems they Solved in the Minimum Number of Move 
Solutions. When the task was relatively easy (2 stages), individuals with WS showed 
relatively ‘intact’ performance in the presence of longer Initial and Subsequent Thinking 
times. As task difficulty increased the pattern of performance changed (for stages 4 and 
5). At these more complex stages there was no evidence of prolonged Initial Thinking 
Time but Subsequent Thinking Times remained extended in comparison to individuals 
developing typically. This pattern of performance very closely matches the performance 
of frontal-lobe patients who show similar initial thinking times to control participants but 
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spend more time thinking about the problem after the first move (Owen et al., 1990). 
Interestingly at the more difficult stages (4 and 5) the WS group showed the same 
number of moves as typically developing individuals of comparable verbal ability match. 
The WS group were however impaired in comparison to the CM group at these 4 and 5 
move problems possibly reflecting problems holding information in short-term memory 
for planning actions at more demanding stages of the task. The lack of increased thinking 
times at these stages, evident by the WS group for easier stages in comparison to 
typically developing groups, also suggests that planning difficulties may have arisen at 
more difficult stages of the task from a failure to take advantage of the longer time they 
needed to think and plan out problems.     
 
The planning difficulties observed in WS were related to the greatest range of cognitive 
and behavioural difficulties as measured within the Conners and SDQ. Planning ability 
and associated thinking times were related to Cognitive Problems/Inattention, Emotional 
Symptoms, Conduct Problems, and Impact Score, an indicator of the impact of the child’s 
problems on their life. The relationship between this key executive aspect of 
neuropsychological functioning and such a broad range of cognitive and behavioural 
problems, and in particular significant relationships with Impact Score, suggests that poor 
planning may be associated with a wide range of difficulties individuals with WS face in 
their daily lives.   
        
Performance of the WS group on the non-executive Delayed Matching to Sample task is 
also interesting. Individuals with WS showed impairment on the simultaneous condition 
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of the task, thereby integrating information such as colour and form. Similar impairment 
has been observed in children with ADHD (Rhodes et al., 2004) and patients with 
Parkinson’s disease (Sahakian et al., 1988) but not patients with frontal, temporal or 
amygdalo-hippocampal damage (Owen et al., 1995). In an ADHD sample, chronic 
stimulant treatment with the drug methylphenidate improved the deficit pointing towards 
a dopaminergic substrate and frontostriatal circuitry (Rhodes et al., 2004). Interestingly, 
previous research has indicated frontostriatal dysfunction, through reduced activation of 
this circuitry, in individuals with WS (Mobbs et al., 2006). This pattern of performance 
and the underlying neural mechanism therefore may be similar across populations, 
particularly given the reported likelihood of comorbid diagnosis between such disorders 
(e.g. see Finegan et al., 1994). 
 
Individuals with WS also showed deficits on this Delayed Matching to Sample task when 
the retention period was introduced (0, 4, 12 seconds). A significant group by delay 
condition interaction however failed to reach significance in line with previous research 
(O’Hearn et al., 2009). Closer inspection of mean scores however (see Figure 2) suggests 
a trend for delay dependant impairment in the WS group that may require a larger sample 
to reach significance. Further studies are warranted in this area to examine the effects of 
various memory delays on memory accuracy in WS. Interestingly, children with ADHD 
showed impairment on the delay conditions of the same task and also showed 
improvement following treatment with the stimulant medication methylphenidate (a.k.a. 
Ritalin; Rhodes et al., 2004; 2005). Methylphenidate has also been reported to improve 
decision making in patients with the frontal variant of fronto-temporal dementia who 
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display risky decision making behaviours (Rahman et al., 2006). Power et al. (1997) 
examined the clinical responses of two children with WS to methylphenidate and 
reported significant clinical responses in both children on clinic-assessed tasks of 
vigilance and play behaviours and in teacher ratings of behaviour. The current study 
raises the possibility that cognitive function in WS may similarly be remediated to some 
degree by stimulant medication, although the small sample size in the Power study 
clearly makes such a possibility speculative in relation to the response of individuals with 
WS. The current study findings also suggest that future research should focus on both 
executive and non-executive aspects of cognitive functioning in characterization of the 
cognitive deficits in WS.   
 
Neural Underpinnings of Executive skills 
The current study reports executive function deficits in WS on tasks that have been 
shown to be sensitive to frontal lobe dysfunction. Patients with frontal-lobe damage show 
similar deficits to the WS group on the same planning, working memory and attention 
set-shifting tasks (Owen et al., 1995). Although the pattern of deficits in the WS group 
closely matches data reported in patients with frontal-lobe damage, they showed patterns 
of both intact and impaired performance on a range of measures that differs from that 
shown by frontal-lobe patients. For example, individuals with WS showed relatively 
preserved performance (intact performance in comparison to the VM group) in Strategy 
Score on the Spatial Working Memory task. The WS group also showed impairment in 
short-term memory span on the Spatial Span task and delayed short-term memory on the 
Delayed Matching to Sample task. This pattern of performance differs from that shown in 
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frontal lobe patients and interestingly the Strategy and delayed DMtS performance 
matches that seen in patients with temporal lobe damage and amygdala-
hippocampectomy patients (Owen et al., 1995). Interestingly, a recent study has shown 
that differences in the left temporal lobe were correlated with ratings of abnormal 
behaviour (hyperactivity) in children with WS (Campbell et al., 2009). The findings of 
the current study suggest that a frontal lobe dysfunction hypothesis cannot account for the 
range of cognitive impairments observed in individuals with WS. Like children with 
ADHD, their cognitive difficulties extend beyond frontal lobe related functions.      
 
Williams syndrome Phenotypes 
 
As noted in the introduction section of this manuscript, research endeavours with other 
population groups (e.g. ADHD) have emphasised the need to go beyond explorations of 
inhibition when explaining executive function deficits. The present research emphasises 
this is also essential for investigations of WS. 
 
Adults with WS generally continue to have problems with academic attainment, such as 
reaching reading and mathematics levels beyond basic skills (e.g. Howlin & Udwin, 
2006; Paterson et al., 2006). Working memory skills that involve an executive component 
have been found to be highly predictive of such academic skills in both typical 
development (Hitch et al., 2001; St-Clair Thomson & Gathercole, 2006) and other 
atypically developing populations (e.g. Developmental Co-ordination Disorder (DCD), 
Alloway, 2007). Unsurprisingly, therefore, educational and employment attainments in 
individuals with WS have also been reported to be generally low (Howlin et al., 1998; 
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Howlin & Udwin, 2006). We report significant correlations between both working 
memory and problem behaviours and attentional flexibility and planning and a range of 
cognitive and behavioural problems. Executive function skills are therefore likely to be 
related to a diverse range of the clinical manifestation of behaviours associated with WS 
and warrant further investigation.  
 
Importantly the current research not only reveals components of executive functions that 
inform knowledge of the cognitive phenotype associated with the disorder, but also 
extends to the behavioural characteristics that typify this population. The executive 
deficits reported here match those associated with other disorders that are characterised 
by atypical social behaviours, such as patients with frontal-lobe damage (Owen et al., 
1990; 1995), ADHD (Rhodes et al., 2004; 2005), autistic spectrum disorder (ASD) (Hill, 
2004) and Fragile X syndrome (Garner et al., 1999) and therefore emphasise the possible 
inter-play between atypicalities of cognition and social phenotypes. With numerous 
reports of an exaggerated eagerness for social interactions and prolonged face gaze (e.g. 
Mervis et al., 2003; Riby & Hancock, 2008), claims of a ‘pro-social compulsion’ 
(Frigerio et al., 2006; Martens et al., 2009) and an inability to inhibit social 
responsiveness (Porter et al., 2007) in WS, it seems appropriate to suggest that executive 
function skills may play a role in the social phenotype. Indeed research has queried the 
role of basic attention mechanisms in the face gaze associated with WS (e.g. Riby & 
Hancock, 2009) and evidence from the ID/ED task assessing set-shifting and the ability 
to modulate attention is particularly important here. Prolonged face gaze may be a 
byproduct of an inability to shift and modulate attention that links to the ability to not 
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only use executive skills for flexibility of attention but planning of behaviour as 
suggested by the Stockings of Cambridge task data reported here. Similarly, if basic 
executive skills are problematic for individuals with WS and the modulation of attention 
is deficient this is highly likely to extend to other behaviours associated with WS (not just 
social behaviours). For example, infants with WS have been shown to engage in 
repetitive or restricted behaviours that may be a consequence of problems disengaging or 
shifting attention (Lincoln et al., 2007). Indeed executive abilites and repetitive 
behaviours have been linked in other neuro-developmental disorders such as ASD (South 
et al., 2007). Further research is warranted to investigate the relationship between 
executive functioning and these social behaviours within the same sample.   
 
Future Research 
Firstly, while we have reported relationships between a range of aspects of executive 
function impairment and problem behaviours in WS, the current study provides 
correlational evidence and caution must clearly be taken in relation to inferring causality. 
Furthermore, individuals with WS were matched with chronological and verbal matched 
participants and we cannot specifically distinguish between the pattern of executive 
difficulties observed in WS and individuals with mild to moderate cognitive delay.  The 
similarity of the pattern of performance on the neuropsychological measures reported 
here to children with ADHD (Rhodes et al., 2004, 2005) who are known to show altered 
frontal lobe functioning (Rubia et al., 2008) highlights the need for future research that 
incorporates a matched cognitive delay group. Secondly, several studies have examined 
changes in the neurological features of WS with age (e.g. Gagliardi et al., 2007). While 
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the current study included both children and adults an insufficient number of adults 
(N=7) were included to examine changes in neuropsychological functioning with 
development. Future research studies should endeavor to include larger samples to allow 
for investigation of developmental changes in cognitive functioning and the underlying 
neural mechanisms in WS. It is now well established that executive functions continue to 
develop during childhood and adolescence and the CANTAB assessments seen here have 
previously been applied to such investigations (e.g. Conklin et al., 2007; Luciana & 
Nelson, 1998). It is possible that while executive functions plateau in adolescence in 
typically developing individuals (Luciana and Nelson, 1998), executive dysfunction in 
WS may be characterised by persistent immaturity in frontal brain functions. Thirdly, the 
current study was also limited by inclusion of a restricted range of neuropsychological 
tasks. The key focus was to explore aspects of executive functioning not commonly 
described in WS, namely attention set-shifting and planning and to include non-executive 
control tasks to assess the specificity of executive deficits within the same study. Future 
research should include inhibition tasks (e.g. Stop-Signal task) to investigate inter-
relationships between inhibitory functioning and other aspects of executive function in 
WS. 
 
In conclusion, the current study provides evidence of frontal-lobe related executive 
function impairment in WS in areas of attention set-shifting, planning, and working 
memory that relate to a range of cognitive and behavioural difficulties seen in individuals 
with the disorder. A range of impairments are also observed that match the performance 
of patients with other areas of brain damage, namel
 34
amygdalo-hippocampectomy patients. Further investigations are warranted to investigate 
the range of cognitive deficits observed within the disorder. Neuroimaging studies will be 
particularly informative in identifying the brain areas associated with such dysfunction.    
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Table 1: Participant Demographic Data  
 
Group N Gender: M:Fa Chronological Ageb  BPVSc 
 
WS 19 12:9 18:1 (67m) 92.95 (16.9) 
TD verbal match (VM) 19 12:9 9.3 (12m) 92.26 (15.5) 
TD chronological age match (CM) 19 12:9 17.5 (63m) 126.79 (18.2) 
a
 Gender ratio is the number of males: number of females in the group.  
b Chronological age is shown as years: months (standard deviation in full calendar months).  
c
 BPVS is shown as the raw score and (standard deviation). 
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Table 2: Behavioural profile of children with WS 
 
 
Measure Proportion rated as 
abnormal (& borderline) 
Mean score 
(Conners: T score) 
Range of Scores 
Conners: Oppositional 54.5% 64.6 49-82 
Conners: Cog/Inattention 100% 74.4 67-85 
Conners: Hyperactivity 90.9% 79.7 51-90 
Conners: ADHD Index 100% 79.5 72-90 
SDQ: Emotional Symptoms 54.5% (& 18.2%)  4.9 1-7 
SDQ:Conduct Problems 54.5% (& 9.1%) 3.4 0-7 
SDQ: Hyperactivity 81.8% (& 18.2%) 8.0 6-10 
SDQ: Peer Problems 100% 5.4 4-9 
SDQ: Prosocial Behaviour 18.2% (& 9.1%) 6.5 3-10 
SDQ: Total Difficulties  90.9% (9.1%) 21.6 15-28 
SDQ: Impact Score 80% (20%) 3.0 1-5 
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Table 3: Summary of neuropsychological data  
Measure WS CM VM F 
value* 
Effect Size: 
WS vs. CM 
Effect Size: 
WS vs. VM 
Post-hoc 
summary 
ID/ED Stage 
Reached 
7.39 8.94 8.31 14.52 .67 .39 WS<CM & VM, 
CM > VM 
SWM Total 
Between Search 
Errors (across 
4,6,8 box 
difficulty levels)  
70.44 24.89 44.26 319.37 .84 .68 WS<CM & VM, 
CM > VM 
SWM Strategy 37.72 31.95 35.58 9.55 .55 N/A** WS<CM, 
CM>VM 
SOC Min Moves 5.11 8.89 7.0 18.27 .72 .42 WS<CM & VM, 
CM > VM 
DMtS 
Simultaneous (%) 
88.33 96.32 95.79 3.25 .31 .29 WS<CM & VM 
DMtS Delay  
(% across delays) 
53.52 82.90 75.11 7.25 .69 .54 WS<CM & VM, 
CM > VM 
Span: Span length 3.05 6.42 5.52 64.65 .89 .81 WS<CM & VM, 
CM > VM  
* Group differences were observed on all key measures shown.   
**Effect sizes not calculated for non-significant comparisons. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4: Correlational Data*  
Measure SWM:  
Strategy 
DMtS 
Sim: 
% 
Corr. 
DMtS  
0 del: 
% 
Corr. 
SDQ: 
Emot. 
SDQ: 
Conduct 
SDQ: 
Prosocial 
SDQ: 
Total 
Diff. 
SDQ:  
Impact 
Conners: 
Opp.  
Conners:
Inatt. 
ID/ED Errors 
at ED Shift 
   WS: 
p<.02 
WS: p<.02 WS: p<.03  WS: 
p<.02 
  
SWM BSE: 6 
Box Stage  
CM: 
p<.003 
 VM: 
p<.003 
       
SWM BSE: 
Total Errors 
      WS: 
p<.03 
   
SOC Min 
Moves 
 VM: 
p<.006 
     WS: 
p<.04 
  
SOC Average 
Moves (5) 
   WS: 
p<.04 
   WS: 
p<.003 
  
SOC Initial 
Thinking (2)  
         WS: 
p<.01 
SOC Initial 
Thinking (4) 
         WS: 
p<.03 
SOC Initial 
Thinking (5)  
         WS: 
p<.001 
SOC Sub 
Thinking (2)   
    WS: p<.04      
DMtS 0 del: 
% Correct 
        WS: 
p<.04 
 
DMtS 12 del: 
% Correct 
     WS: p<.04     
*Please note that Questionnaire Data (SDQ, Conners) only collected on WS sample (N=12 children)
  
Appendix 1 
 
Order Task 
1  Span SOC SWM ID/ED DMtS 
2  DMtS ID/ED SWM SOC Span  
 
